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cense.Abstract Adherence of target materials or those present on the trajectory of the ﬁred projectile is
most common in the offences involving the use of ﬁrearms. The recovery and identiﬁcation of such
adhering materials from a projectile may identify the origin or intermediary objects while ﬁxing the
trajectory. In numerous cytological preparations, black deposits, contaminated debris from the bar-
rel, perforated materials would be present on the target irrespective of the range i.e. either distant or
close. All these must fully compliment and only such results are to be considered in the trajectory
reconstruction. The crucial role played by such trace evidences in the reconstruction of scene of
crime in general and in the trajectory of the projectile in particular has attracted high levels of
appreciations both in the forensic science community and among the user agencies. Despite, trace
evidence still remain unexploited and the integrities of potentially valuable material as trace evi-
dence present on the spent projectiles are often infringed by crime scene managers or often unknow-
ingly destroyed while processing. The process of recovery and identiﬁcation of trace evidence will
normally acquire fairly high degree of complication as the discharged projectile would acquire them
from their interaction with the intermediate targets. Authors herein report two cases in that tracecom (M.K. Kumar), ngprab-
r), chndug_24@yahoo.com
n (B.M. Mohan), gnagendrap-
ity.
lsevier
12 M.K. Kumar et al.materials available on the ﬁred projectile that are characterized through microscopic and spectro-
metric techniques. The results have not only established the nature of the trace evidence material,
but also specify the origin of the materials from the intermediaries.
ª 2010 King Saud University.  
 Open access under CC BY-NC-ND license.Figure 2 Exit holes found on the clay tile.
Figure 1 Entry hole found on the clay tile.1. Introduction
Reconstruction of trajectory is an important aspect to be
investigated in ﬁrearms fatalities (DiMaio, 1999). This mainly
comprises of ﬁxing the direction of shooting, position and pos-
ture of the victim and assailant and various other materials in-
volved in the crime (Petraco and DeForest, 1990). The
possibilities of impacts caused by projectile due to ricochet
are also to be accounted. Hence, the characterization of for-
eign materials carried by the projectiles plays an important role
(Smith, 1988) and the analyses of such foreign materials and
the type of target materials not only establish the unambiguity,
in this context, but also those present in the pathway of the
ﬁred projectile. Various types of trace materials adhered on
the spent bullet are listed (DiMaio, 1999; Petraco and DeFor-
est, 1990) and the evidentiary values of the contents of hollow
point bullets are used (Smith, 1988).
SEM-EDXA is extensively used in the analysis of trace ele-
ments present in soil, paint, ink, GSR usually from the primer
or bullet and various others present in the forensic matrix (Pye,
2007; Macqueen et al., 1972; Haas et al., 1975; Taylor, 1973;
Hollengerg and Erickson, 1973; Bradford and Devaney,
1970; Ravreby, 1982; Basu, 1984; Gansau and Becker, 1982;
Andrasko and Maehly, 1977; Nesbitt and Jones, 1976). In only
one of these studies, SEM was used to detect material on a bul-
let and to determine its chemical identity by EDXA (Bradford
and Devaney, 1970). Therefore, the work from this laboratory
reports importance of SEM-EDXA in the identiﬁcation of
trace materials adhered to ﬁred projectiles that were used in
two crime events considered as case studies.
Raman spectroscopy is found to be a good tool for the
identiﬁcation of amphetamines present in street samples
(Katainen, 2007) and in quantiﬁcation of illicit drugs (Mazzel-
la, 2005; Thomas, 2005). It is a non destructive analytical tool
for contemplating the analysis of blue gel pen inks of different
brand and model, ﬁbers and pigments (Suzuki, 2001). Herein
Raman spectroscopy is used for the identiﬁcation of glass
pieces adhered to the projectiles.
The VSC-5000 is an imaging instrument routinely used by
forensic document examiners, till recently the older version
of the instrument was used to print the images of GSR patterns
(Christina, 2006). Now, the VSC-5000 is used herein for imag-
ing the spectral patterns of trace materials adhered on the pro-
jectiles, originated from the clay materials to demonstrate its
importance in reconstructing the trajectory.
2. Case 1
A communal clash was occurred between two communities. In
that, one person belonging to a minor community targeted the
house of another person belonging to another community and
ﬁred from a SBML gun. One of the shots pierced the clay tile
of the roof and dislodged in the courtyard of the house. But on
interrogation he denied ﬁring. The dislodged shot and the clay
tiles specimen were collected and sent for forensic examination.3. Case 2
An incident under provocation was occurred in the president
chamber of the taluk panchayat. In that, two persons have
ﬁred indiscriminately on each other. One of the shot had
pierced the window glass and fell outside the chamber. The
spent bullet, remnant of glass pieces from the window were col-
lected under the guidance of a ballistic expert and analyzed to
know whether the bullet had pierced through the window glass
or not.
4. Materials and methods
Case 1, the orange-colored clay tile specimen measuring about
1500 long and 9.50 0 width having a small oval shaped hole on
one side with 0.4500 0 · 0.3750 0 with clear edges and the same
hole was measuring about 0.550 0 · 0.37000 with crater effect
on the other side of the tile (Figs. 1 and 2).
The lead shot specimen used was weighing 3.9809 G and
diameter 0.36000 was slight deformed condition (Fig. 3).
Figure 3 One deformed lead shot.
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caliber lead bullet weighing about 6.784 G. It was examined
under Leica MZ 16 FA Fluorescent stereomicroscope
equipped with digital camera and found minute glass particles
adhering that are as shown in Fig. 4.
The photographs of the clay tile specimen bearing entry and
exit holes, lead shot and the deformed lead bullet in the case 2
were taken using Nicon digital camera D100 ﬁtted with Micro
lens.Figure 4 One deformed .32 caliber lead bullet.
Figure 5 VSC-5000, Spectra of (a) standard clay, (b) claThe spectra of orange clay particles obtained from a small
chip of the clay tile specimen with entry and exit holes, orange-
colored particles found adhering to the lead shot and lead por-
tion of the shot were recorded separately under Video Spectral
Comparator-5000 from FOSTER-FREEMAN from 400 to
1000 nm and shown in Fig. 5.
The elemental composition of the standard clay tile sample,
clay found on the lead shot and standard lead was determined
using SEM-EDXA of S-3000N of HITACHI Scanning Elec-
tron Microscope and EDXA with INCA ENERGY detector,
accelerating voltage 40 kV and magniﬁcation ·30–·200. The
data obtained were analyzed using HITACHI computer at-
tached to the instrument. The elemental composition of orange
particles found adhered to lead shot, standard clay tile speci-
men and also a portion of lead shot as a control is shown in
Table 1. The corresponding spectra are shown in Figs. 6a–6c.
The broken window glass pieces as control and the glass
pieces that were found adhering to the bullet were scanned
with SEM-EDXA. The spectra obtained for the samples, con-
trol glass pieces and the glass pieces found adhering to the bul-
let are shown in Figs. 7a, 7b, and 7c. The elemental weight
percent composition of glass piece found adhering to the bullet
and the control glass piece is shown in Table 2.
Raman spectra (Fig. 8) were recorded for the control glass
piece and the glass pieces found adhering on the bullet using
REINSHAW in Via laser Raman Spectrometer consisting of
monochromater with holographic diffraction grating and Pel-
tier cooled CCD detector radiation from 785 nm line of a
HeNe laser focused on the sample using 20· microscope objec-
tive with the acquisition time of 100 s. The corrected Raman
spectra of the samples were curve ﬁtted with Gaussian func-
tions using the Origin MicroCal software.
5. Results and discussions
The VSC-5000 spectra of orange-colored clay particles ad-
hered to the lead shot and the portion of the sample collected
from the clay tile were scanned from 400 to 1000 nm. Their
respective maximum absorbances at 480 and 580 nm. Simi-
larly, control lead sample shows maximum absorbances aty found on the lead shot and (c) standard lead shot.
Figure 6a Spectrum of the control lead portion of the lead shot.
Table 1 EDXA determined weight percent of the elements present in the samples of control lead, clay tile and orange colored material
found on the lead shot.
S. no. Elements Weight percent of the elements
Control lead Sample of clay tile Orange-colored material
on the lead shot
1 Silica (Si) 1.14 ± 0.13 17.15 ± 0.53 16.79 ± 0.46
2 Aluminum (Al) 0.86 ± 0.11 11.35 ± 0.41 12.80 ± 0.38
3 Iron (Fe) 0.94 ± 0.27 11.79 ± 0.56 12.27 ± 0.48
4 Magnesium (Mg) 0.53 ± 0.12 00.53 ± 0.14 00.52 ± 0.14
5 Titanium (Ti) 00.85 ± 0.17 00.95 ± 0.16
6 Lead (Pb) 54.42 ± 0.96
7 Antimony (Sb) 1.09 ± 0.27 13
Figure 6b Spectrum of roof tile sample used as standard specimen.
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Figure 6c Spectrum of orange clay particle adhered to the lead shot.
Figure 7a Spectrum of control lead portion of the bullet.
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from document examination VSC-5000 is used in visualization
of gunshot residues patterns on dark clothing (Christina,
2006).
The EDXA spectrum of the clay tile specimen sample
(Fig. 6b) is containing major peaks for the elements titanium
(Ti), iron (Fe), magnesium (Mg), aluminum (Al) and sili-
con(Si) with the respective Ka X-ray intensities 4.50089,
6.3996, 1.2536, 1.4866 and 1.7398 KeV. The spectrum is alsoindicating the presence of potassium (K) may be as an
impurity.
Almost an identical spectrum (Fig. 6c) is obtained for the
orange-colored particles adhered to the lead shot with major peaks
for the elements titanium (Ti), iron (Fe), silicon (Si), aluminum
(Al), magnesium (Mg) and also indicating potassium (K).
The EDXA spectrum of control lead (Fig. 6a) is having ma-
jor peaks corresponding to the elements, potassium (K), car-
bon (C) sulphur (S), lead (Pb) and iron (Fe). The elements,
Figure 7b Spectrum of the control glass pieces.
Figure 7c Spectrum of a glass piece found on the lead bullet.
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might have been originated from the black gun powder. Since,
the lead shot had been ﬁred through the muzzle loading gun,
the elements lead (Pb) and antimony (Sb) are corresponding
to composition of lead shot. The element, iron (Fe) found in
the spectrum of the control lead portion may be from the bar-
rel of the gun.
The percentage composition of the major elements tita-
nium, iron, silicon, aluminum and magnesium of the orange
particles found adhering to the lead shot, Table 1 agreeing withthat of the specimen sample collected from the clay tile is al-
most identical. Therefore the orange-colored particles found
adhered to the lead shot are originated from the specimen clay
tile.
The EDXA spectrum of the glass pieces found on the bullet
(Fig. 7c) and that of the control sample glass pieces (Fig. 7b) is
containing the major peaks for the elements, calcium (Ca),
sodium (Na), magnesium (Mg), aluminum (Al) and silicon
(Si), with the respective K a X-ray intensities at 3.6905,
1.0410, 1.2536, 1.4865, 1.7398. The element, lead is present
Table 2 EDXA determined weight percent of the elements present in the samples of glass and glass piece found on the bullet.
S. no. Sample Weight percent of the elements
Ca Na Mg Al Si
1 Sample glass 03.70 07.26 01.68 03.81 24.40
2 Glass piece on the bullet 04.20 06.41 01.64 04.29 24.40
Figure 8 (a) Spectra of the control glass (red), (b) suspected glass found on the bullet (blue) and (c) lead portion of the bullet (green).
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from the bullet.
The percentage composition of the major elements calcium,
sodium, magnesium, aluminum and silica for the glass piece
found on the bullet and the control glass piece collected from
the scene of crime is almost identical. Therefore, the glass
pieces which were adhering to the lead bullet are originated
from the control glass pieces that were collected from the scene
of crime (Table 2).
Raman spectra of the specimen glass pieces found on the
bullet and also on the control glass pieces are shown in
Fig. 8. The control glass pieces and the glass pieces found on
the bullet are characterized by an intense band at 1400 cm1
with a signal free area ranging from 1100 to 1800 cm1, but
such a band is not observed in Raman spectrum (Fig. 8) of
the control lead specimen. Therefore, elemental composition
of glass pieces found on the bullet is identical to that of the ele-
mental composition of the control glass piece specimen Table 2.
6. Conclusion
The examination of foreign materials on the ﬁred projectiles
illustrates its importance in the reconstruction of crime scene
(DiMaio, 1999; Petraco and DeForest, 1990; Smith, 1988).
The availability of trace evidence is too small so the methods
adopted in the analysis are a non destructive examination un-
der stereo microscope, scanning under VSC-5000 where the
available literature shows that apart from document examina-
tion VSC-5000 is used in visualization of gunshot residues pat-
terns on dark clothing (Christina, 2006). SEM-EDXA is used
in the analysis of forensic soil and GSR analysis (Haas et al.,
1975; Taylor, 1973; Hollengerg and Erickson, 1973; Bradford
and Devaney, 1970; Ravreby, 1982; Basu, 1984; Gansau and
Becker, 1982; Andrasko and Maehly, 1977; Nesbitt and Jones,
1976) and Raman spectrometer is used in the analysis ofamphetamines, ink and ﬁbers in the forensic matrix (Katainen,
2007; Zieba-Palus, 2006; Mazzella, 2005; Thomas, 2005; Suzu-
ki, 2001). Elemental composition of orange-colored particles
found adhered to the lead shot and glass pieces adhered to
the bullet by SEM-EDXA, absorption spectra of the orange-
colored particle by VSC-5000 and the Raman spectra of the
glass pieces on the bullet conﬁrms the passage of lead shot
through clay tile and the bullet through the glass. The recovery
and identiﬁcation of such adhering materials from a projectile
may identify the origin or intermediary objects while ﬁxing the
trajectory. Despite, trace evidence still remain unexploited and
the integrities of potentially valuable material as trace evidence
present on the spent projectiles are often infringed by crime
scene managers or often unknowingly destroyed while
processing.Acknowledgement
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